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This paper aims at investigating the effect of the conductive wire
diameter on the measurement accuracy of the interaction impedance
in order to evaluate an adequacy and limitation of such a nonreso-
nant measurement method. The study is based on comparison of the
measured data with that is obtained by a three-dimensional (3-D) fi-

Effect of Conductive Perturber Diameter on Nonresonant nite-element numerical simulation with an automatic adaptive mesh

Measurement of Interaction Impedance for optimization. This simulation code, i.e., HFSS [6], applies a quasi-pe-
Helical Slow-Wave Structures riodic boundary condition to the helical slow-wave structure (SWS),
where the phase shift per period along the axial distance is specified at
Sun-Shin Jung, Andrei V. Soukhov, and Gun-Sik Park the ends of the structure. The phase velocity of the helical SWS is ob-
tained using the eigenmode solution method, where frequency versus
phase shift characteristics are found by calculating the eigenfrequen-
Abstract—The measurement accuracy of the interaction impedance for jes of the truncated structure satisfying the boundary condition spec-

a helical slow-wave structure (SWS) using the nonresonant perturbation ... . Lo . . . .
method has been studied using conductive wire perturbers with different ified. The interaction impedance of the helical SWS is obtained by di-

diameters. Data obtained by the measurement were compared with a rig- f€Ctly computingtr. and P in the HFSS code.
orous numerical analysis. Itis shown that the measured values of the inter- ~ From the nonresonant perturbation measurement, the on-axis inter-
action impedance for the helical SWS converge to those obtained by using action impedance for the helical SWS was derived as [7]

a three-dimensional finite-element computational method when the diam-
eter of the perturber is reduced to less than 10% of the helix diameter. 120 A3 2 1
. . I K=—"="0
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wheregy and~o are the axial and radial propagation constants of the
unperturbed structure, respectivelys the radial propagation constant
An accurate estimation of interaction impedance, which is correfthe perturbed structure anxj3 is the change in propagation constant
lated with gain and efficiency of a device such as a traveling-wave tupetween the unperturbed and perturbed structuigthe propagation
(TWT), is an important step for the design of the device. On-axis integonstant in free spacé, and K, are the first and second modified
action impedance was defined by Pierce [1] as Bessel functionsy is the radius of a conductive wire. Equation (2) is
derived using the nonresonant perturbation theory and scattering model
E @ of the secondary perturbed field due to the insertion of a thin conduc-
265 P tive wire. A small perturbation is assumed to take an advantage of the
very thin conductive wire. Itis important that the space harmonic effect
becomes negligible for a sufficiently thin conductive wire.
Manuscript received May 11, 2001. This work was supported in part by the o shown theoretically in [7], the errors of (2) caused by other as-
Ministry of Defense of Korea under a contract from KMW Inc., and in part b . . . :
the Ministry of Science and Technology of Korea under the National Reseaéﬂmpt'ons of the perturbation theory depend on the wire diameter and
Laboratory Program. frequency. The accuracy verification of (2) is carried out over a 1.5-oc-
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Korea. The change in propagation constaktf and the propagation con-
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Conducting Wall  Helix Attenuator  Perturber Fig. 2. Comparison of measured (by a nonresonant field sensor method) and

calculated (by an HFSS code) normalized phase velocity for the helical SWS.
Fig. 1. Measurement setup for the interaction impedance of a helical S\é3he velocity of light in free space.
using a hairline conductive wire perturber.

0-2 T T T T T Ll 1
setup for measuring\ 3, which is determined by the phase change of 01 : .
the output signalA® using the formulaA3 = A®/L, whereL is a - o M :'l .. .
length of the perturbed structure. As shown in Fig. 1, the helix is con- ° 2 00—~ "'o‘;"*"&"A‘"‘""‘-"'."i":": """
. A

nected to the center conductor of a coaxial coupler by means of a laser g § 0.1 ¥ e, v, Y S
welding so that broad-band impedance matching between the helical E E’ | x ", * e . .
SWS and coupler is achieved. THe scattering parameter containing & = 02t " x T e 3

. L : = 5 V4T e 20um * oy +
the phase information is measured before and after the conductive per- D S . 8 W X o+
turber (copper wire) is removed. To reduce reflections and end effects, = E 0.3F, 100“mm ey i
awell-matched attenuator is included in the output section of the struc- 3 & e 150 im oxoxox
ture. BB 04b L o0 um ]

The precise positioning of the conductive wire along the axis of a 0.5 [ * 350pm

helical structure is essential for an accurate measurement of interaction 4 6 8 10 12 14 16 18 20

impedance. This is accomplished using two movable fixtures equipped
with screws for the fine adjustment in transverse directions. The wire
is passed through the helix and attached to the fixtures with a s
tension. The fine adjustment of screws is implemented until the ou
phase reaches a minimum value. This minimum phase value ensures
a minimum perturbation and, hence, a minimum field intensity that
corresponds to the on-axis wire position. The output phase is sto[ﬁ

inan internal memory of the vector netvyork analyzer (VNA)' The VY'rggreement between the calculated and measured phase velocity is better
is then removed and the output phase is measured again to dbtain than 0.5% over the frequency range of 6-18 GHz

as al.fL:jntCt'?E of Lrequzr_lf(?ﬁ : Th;(l;ast squa;re regressug npr’O(iﬁdUI’e 'S The interaction impedance was measured using conductive wires
applied to the phase differenck® versus frequency before these with different diameters. The minimum value AfP, obtained in case

values are substituted into (2). . ; :
. g . . . ofa20umwire at the highest frequency of 18 GHz, was approximately
The propagation constarit in (2) is determined by the technlquesoo, which is reliably measurable with a VNA. The measurement accu-

(similar to [8]) in which a field sensor moves along the helical s’[ructurr(;;‘iCy was represented as a relative differefie, — K.)/ K., where
in the axial direction and a VNA measures the phase of the traveling™ . "\ " = oo impedance afid is the slimulasted osn’e Fig. 3

wave along the axis of the structure. The propagation constant demonstrates the convergence of the measured data versus wire diam-

d.q)/dz Is determin_ed_ by an average slope of measureq phase ver {4 and frequency. The difference of wire diameter of 20 and.360
distance characteristics, where the least square regression procedu(%)os_so% of the helix diameter) results in 35% change in the value of

also applied to the functiof(z). the interaction impedance, showing a significant effect of wire diameter
on the interaction impedance measurement. Practically speaking, when
the reference impedance values are unknown, the measurements have
to be repeated several times; the perturber’s size being reduced until
The helical SWS under measurement has the following dimensiottse difference between measured data becomes less than an allowable
The helix inner diameter is 1.2 mm, helix pitch is 0.65 mm, helix taperror. The dependence of the measurement error on the frequency and
thickness is 0.1 mm, and barrel inner diameter is 3.0 mm. Three rectére perturber’s size is similar to that as predicted in [7]. It is positive at
gular cross-sectional BeO rods with 1.5-mm width are used to supplaver frequencies and negative at higher ones. As the perturber’s size
the helix. The nominal dielectric constant of Be© & 6.5) that was is reduced, the measured data converge to the reference value over the
provided by the manufacturer was used for HFSS simulations. Usuailhole frequency band. Within an octave frequency range of 8-16 GHz,
the dielectric constant of BeO is anywhere from 6 to 7.5 [9]. The struthe interaction impedance values measured using 20- anpdrBper-
ture length is approximately 80 mm. turbers practically coincide with the simulated values.

Frequency (GHz)

”F}lilél 3. Relative difference of measured and simulated interaction impedance
tR4la function of frequency for different wire diameters.

he measured data of the phase velocity are compared with sim-
ted results done by using the HFSS code, as shown in Fig. 2. The

I1l. RESULTS AND DISCUSSION
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Fig. 4. Comparison of measured (by a nonresonant perturbation method using
a very thin conductive wire with 2@-m diameter) and calculated (by an HFSS .
code) interaction impedance for the helical SWS. A 7.5-GHz Super Regenerative Detector

N. B. Buchanan, V. F. Fusco, and J. A. C. Stewart
The measurement with the perturber of the smallest size @fi20
provides the best agreement with the simulation, as shownin Fig. 4. The
largest discrepancy is within 10% at the lowest frequency and within Abstract—in this paper, simulated and measured results are presented

5% at the highest frequency. This discrepancy is noticeably less tﬁ%rn]a microwave-integrated-circuit super regenerative detector operating
. . ;i at 7.5 GHz and brief comparisons made to a monolithic-microwave inte-
that found by measurements using a dielectric perturber [3]. It seefgted-circuit super regenerative detector operating at 34 GHz. The sen-

it is the best agreement between the simulation and measuremenkit®ity of the 7.5-GHz detector was measured at—83-dBm (AM, 1 kHz,
ported for the helix interaction impedance. 100% mod) RF signal for 12 dB (signaH- noise—+ distortion)/(noise + dis-
tortion). Simulation results show that, to produce a sensitive super regener-
ative detector, a high rate of change in loop gain of the oscillator circuit with
IV. CONCLUSIONS respect to the gate bias (quenching) voltage and a high maximum loop gain

. . . at the point of detection is required. It has also been shown, by simulation
In this paper, _the eﬁgcts_of the conductive wire on t'he measuremgfl measurement, that the detection frequency of the super regenerative
accuracy of the interaction impedance have been carried out by the ndstector is lower than the normal free-running oscillation frequency.

resonant pe_rturbatlon_ methOd_ varying t_he diameter of the W"_’e' \_Nheqndex Terms—Microwave detectors, microwave oscillators, microwave
the conductive wire diameter is approximately 2% of the helix diamaceivers, super regenerative detectors.

eter, the discrepancy between the measured and simulated values be-

come small enough to be used for the reciprocal evaluation of soft-

ware and measurement that may be helpful in TWT design. The mea- . INTRODUCTION

sured values of the interaction impedance converge to the simulatege super regenerative detector operates on the direct conversion
ones when the wire diameter is reduced to less than 10% of the h&jpciple where a circuit consisting of as little as one active device can
cﬁamgter. Therefore, th_e measgrement method using a hairline conqyGiorm RF detection and demodulation, allowing the possibility of
tive wire as a perturber is superior to the commonly used methods usig,,y component-count microwave receiver. In comparison, the more

a dielectric rod. commonly used super heterodyne detector operates by mixing the RF
signal down to a lower intermediate frequency for demodulation. This
ACKNOWLEDGMENT improves performance at the expense of a higher component count,
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microwave components. sénted for a m|c_rowave-|ntt_egrated-cwcwt (MIC) d_etector operating at
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Queens University of Belfast (QUB), Belfast, Northern Ireland) [5]
REFERENCES super regenerative monolithic-microwave integrated-circuit (MMIC)
[1] J.R. PierceTraveling-Wave Tubes New York: Van Nostrand, 1950. detector operating at 34 GHz.
[2] R.P.Lagerstrom, “Interaction impedance measurement by perturbationThe super regenerative detector described here operates by applying

of traveling waves,” Stanford Electron. Lab., Stanford Univ., Stanfordy sjgnal to the gate bias connection of an oscillator at a rate called the
CA, Tech. Rep. 7, Feb. 1957.

[3] C. L. Kory and J. A. Dayton, Jr., “Computational investigation of ex-
perimental interaction impedance obtained by perturbation for helical
traveling-wave tube structuredEEE Trans. Electron Devicesol. 45, Manuscript received June 11, 2001.
pp. 2063-2071, Sept. 1998. The authors are with the Department of Electrical and Electronic Engineering,
[4] P. Wang, R. Carter, and B. N. Basu, “An improved technique for me&he Queens University of Belfast, Belfast BT9 5AH, Northern Ireland (e-mail:
suring the Pierce impedance of helix slow-wave structure®tac. Eur. n.buchanan@ee.qub.ac.uk).
Microwave Conf.1994, pp. 25-30. Publisher Item Identifier 10.1109/TMTT.2002.802336.

0018-9480/02$17.00 © 2002 IEEE



	MTT024
	Return to Contents


